Examination and tests are routine academic task during which students engage in mental exercises, writing, and/or practical demonstrations under pressure with stress placed on the cardiovascular system. This study was aimed at investigating the cardiovascular parameters of students before, during and after an examination. The baseline hear rate (HR) and blood pressures (BPs) of 75 undergraduates physiotherapy students in a Nigerian university were measured one month to the beginning of a second semester examination, and also before, during and after a session of test in core subjects. This study shows higher HR, and systolic and diastolic BPs5 minutes to the start of the examination compared to the baseline resting values. This heightened cardiovascular parameters remained steady until the time remaining till the end of exam was announced, when the parameters spiked to levels higher than both the baseline and pre-examination levels. While the systolic, diastolic and mean arterial BPs returned to baseline levels shortly before or at about 15 minutes after exam, HR and rate pressure product did not return to the baseline levels 15 minutes after examination. Cardiovascular parameters were higher few minutes before exam than the baseline resting values and continue so until the remaining time left for the exam was announced. Future studies on aerobic fitness and physiological adaptations conferred by exercises and regular physical activity can influence cardiovascular parameters during examination are suggested.
INTRODUCTION
Among factors that have been shown to affect cardiovascular parameters are exercise or physical activity, nutrition and medication, (McClean and Zimmerman, 2007) stress (Wendy et al., 2002 , Callister 1992 and mental work (Carter and Lawrence, 2007; Carter and Ray 2009) . It has been observed that students in the course of their study activities may experience high level of anxiety and stress (Loft et al., 2007; Sharma, 2011; Fazaila et al., 2013) , which may affect not only their academic performance but their overall physical and psychological wellbeing (Tucker et al., 2006; Walsh et al., 2010) . Several past studies investigated the cardiovascular responses during test taking and around the period of examinations (Hughes, 2004; Zeller et al., 2004; Loft et al., 2007; Smart et al., 2007; Khaksariet al., 2007; Conley and Lehman, 2012; Pérusse-Lachance et al., 2012) .
Some studies show that fear of failure, impending examinations and academic ability have been identified as responsible for heightened cardiovascular parameters among students around examination period (Zeller et al., 2004; Hughes, 2004; Loft et al., 2007; Conley and Leyman, 2012) . Other studies show that students who have the most intense cardiovascular responses around the time of examination and/or during examination may be at risk for developing cardiovascular disease or cardiac event in later life (Loyke, 1995; Stewart and Barnet, 2008; Xavier et al., 2009; Taelman et al., 2011; Hjovtskov et al., 2004) . In some studies, mental work has been found to cause increases in heart rates (HR) (Ross, 2001; Martic et al., 2008; Hjortskpv 2004 ) and blood pressures among students (Hughes, 2004) , while elevations in systolic blood pressure (SBP) was linked with academic stress around the period of semester examination, and no such link was observed for diastolic blood pressure (DBP) or HR in another study (Conley and Lehman, 2012) .
During a test involving subjects who engaged in reading a 10-page text from a lay public magazine and summarizing of the text using a word processor on a computer, the DBP and mean arterial pressure (MAP) were observed to be higher during the test (Pérusse-Lachance et al., 2012) . In a single arithmetic task (Durocher et al., 2011 ) during a repeated serialsubtraction math (Schneider et al., 2003) and during a non-cumulative Medical license examination (Zeller et al., 2004) , SBP did not change significantly but the DBP increased, while HR decreased from the values before exam. Systolic blood pressure was also observed to be higher in the male students compared to their female counterparts in the later study (Zeller et al., 2004) .
Existing studies on the cardiovascular response during tests were carried out in other parts of the world under divergent testing modalities including reading and typing on a computer (Pérusse-Lachance et al., 2012) , single Arithmetic task (Durocher et al., 2011) , repeated serial-subtraction math (Schneider et al., 2003) and non-cumulative Medical license examination (Zeller et al., 2004) . To the best of the researchers' knowledge, this is the first study to focus on a semester examination as stressors among physiotherapy students. This study aimed to compare cardiovascular parameters of physiotherapy students at the University of Maiduguri, Nigeria long before exam to the values just before, during and after a written semester examination.
MATERIALS AND METHODS

Participants
A total of 75 undergraduate Physiotherapy students at the University of Maiduguri, a Federal University in the North Eastern Nigeria participated in this study. The study was approved by the Research and Ethical Committee of the University of Maiduguri Teaching Hospital. Prospective participants were contacted during a lecture period 6 weeks prior to semester examinations. The aim and objectives, procedure and possible risk of the study were explained to the prospective participants. Informed consent of the participants that met the inclusion criteria was sought and obtained. Participants with history of smoking or cardiovascular ailment and those with known co-existing medical condition or on medication that can influence their hemodynamic balance were excluded from this study. The examination was undertaken in an examination hall with a room temperature of 22 0 C -25 0 C in the month of July 2012 of the 2011/2012 academic session between 9:30 am to 11:30 am.
Data Collection
Based on the outcome of a pilot survey among 28 undergraduate physiotherapy student conducted 4 months prior to the main study, 5 research assistants were trained one week prior to the commencement of the study. The assistants were responsible for monitoring the blood pressure, pulse and heart rate of the participants during the second semester examination on patho-kinesiology and exercise therapy both of which are core subjects in physiotherapy.
On a day 4-5 weeks before the examination, eligible participants were invited to the laboratory and were advised on a standardized breakfast (women: 598 kcal, men: 714 kcal) not earlier than 3 hours before the visit and to avoid any caffeine drink, alcohol and vigorous physical activity 24 hrs before the test. Consented participants who did not follow these standardized procedures by Pérusse-Lachance et al., (2012) were asked to return another day for their baseline measurement. The participants were given a card numbered to correspond with number assigned to their demographic form containing their data, which includes age and years in the study program and their cardiovascular parameters. Baseline heart rate (HR) and blood pressures were assessed in sitting position during the visit using a digital electronic sphygmomanometer (Life Source, Model UB-512). Thereafter, height and weight were measured with the aid of a wooden height meter and a weighing scale (Hanna bathroom scale model, Chi-na. BNo: 29072184).
On the examination day, Participants were again briefed on the procedure and while seated in the examination hall, cardiovascular parameters were measured 5-10 minutes before the commencement of the examination. During the examination, cardiovascular parameters were again measured at 10, 30 and 60 minutes into examination. Upon completing the 2-hour long examination, the parameters were monitored again at 5, 10 and 15 minutes post examination.
Data Analysis
The data collected were entered and analyzed using Statistical Package for the Social Science (SPSS), version 20.0 for windows (SPSS Inc., Chicago, Illinois, USA). Derived indices including pulse pressure (PP), mean arterial pressure (MAP), rate pressure product (RPP), and body mass index (BMI) were also computed and entered for analysis. Descriptive statistics of mean, and standard deviation were used to describe data obtained. One way ANOVA, was used to compare the cardiovascular parameters across the different time points, and Least Significance Difference (LSD) post-hoc test was used to probe where the differences lies between different time frame, at a level of significance of p < 0.05.
RESULTS
A total of 75subjects participated in this study, of which 45 (60%) were males and 30 (40%) were females. The mean age was 24.8+2.2 years and body mass index was 21.9+3.7 kg/m 2 . The mean baseline values for their HR, SBP and DBP were 75±9 bpm, 113±10 mmHg and 74±8 mmHg respectively whereas the values 5 minutes before the examination were 85±9 bpm, 120±11 mmHg and 76±8 mmHg. The mean values for the derived parameters including MAP (the average pressure during the cardiac cycle), RPP (an index of myocardial oxygen uptake) and PP (a correlate of stroke volume) at different time frames are also shown on the table.The mean baseline MAP, PP, and RPP were 87±9, 39±6 and 8400±0.9, whereas 5 min before the examination the values were 96±10, 44±7 and 10200±100 respectively ( Table 1) .
The HR values 10 minutes, 30 minutes and 60 minutes into the examination were 88±9, 87±9, and 101±10 respectively, while the value 5, 10 and 15 minutes after examination were 86±9, 81±9 and 83±9 respectively. The SBP values 10 minutes, 30 minutes and 60 minutes into the examination were 118±10, 113±10 and 126±11 respectively, while the value 5, 10 and 15 minutes after examination were 107±10, 109±10 and 111±10 respectively. The DBP values at 10, 30 and 60 minutes into the examination were 76±8, 71±8 and 82±9 respectively, while the value 5, 10 and 15 minutes after examination were 70±8, 71±8 and 71±8 respectively.
When values before, during and after examination were compared, HR, SBP, DBP, MAP and RPP were significantly higher (p<0.01) 5 minutes before HR  75±9  85±9  88±9  87±9  101±10  86±9  81±9  83±9  SBP  113±10  120±11  118±10  113±10  126±11  107±10  109±10  111±10  DBP  74±8  76±8  74±8  71±8  82±9  70±8  71±8  71±8  MAP  87±9  96±10  89±9  86±9  97±10  83±9  84±9  85±9  PP  39±6  44±7  44±7  42±6  48±7  37±6  38±6  40±6  RPP 84±0.9 102±1 106±1 99±0.9 123±3.4 92±0.9 89±0.9 93±0.9 
Variable Physiologic 5 min BE 10 min IE 30 min IE 60 min IE 5 min AE 10 min AE 15 min AE
HR-Heart
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Product. exam compared to the baseline values (85±9 v 75±9, 113±10v120±11, 74±8v76±8, 87±9v96±10 and 84±0.9v102±1 respectively). No significance difference was observed in any of these cardiovascular parameters at 10 and 30 minutes into the examination when compared to the values 5 minutes before the examination, while only the MAP (89±9v86±9) was significantly higher (P<0.05) at 10 minute into the examination compared to the values 30 minute into examination (Table 2) . Significantly higher values (P<0.01) were observe for HR, SBP, DBP and RPP 60 minutes into the examination when the time left for the exam was announced, compared to the corresponding values at all other time frames. There was no significant difference in all the CV parameters measured 5 minutes compared to values 10 minute after the examination and between the values 10 minute after exams compared to the values 15 minutes after the examination.
p-
Overall, the result showed increased HR and BP responses 5 minutes prior to the start of the examination when compared to the resting physiological values taken at least four weeks before examination. The increased HR, SBP and DBP remain so 
DISCUSSION
When compared to the baseline resting physiological value, the present study shows higher HR, SBP and DBP response. This finding is comparable to that reported by Pérusse-Lachance et al., (2012) which showed an increase in HR and DBP during the period of mental work when compared to their resting values. It is also comparable to that of Durocher et al., (2011) that showed an increase in both systolic and diastolic blood pressure during mental stress when compared to the 5 minutes pre-examination baseline value. It is however not as comparable to the findings in other previous study which showed that, SBP did not change significantly while DBP increase and HR decrease from the values just before medical license examinations (Zeller et al., 2004) .
Our study shows that RPP increases significantly during examination; consistent with the report by Wendy et al., (2002) who compared mental stress and physical stress, and another study that reported higher RPP during a mental arithmetic examination than during static hand grip procedure (Raven et al., 2006) . Pulse pressure is the only parameter that did not change throughout from the baseline through post examination, consistent with findings by Carter and Lawrence, (2000) and this may be attributed to the fact that baroreceptors responds more rapidly to a rising arterial pressure than when arterial pressure nears the peak value (Guyton and Hall, 2006) .
Overall the subjects cardiovascular parameters was characterized by heightened responses observable few minutes before exam which remain so until the remaining time left for the exam was announced, when the parameters spiked to surpass the levels at all other time frames. Following exam, HR trended lower and did not return to the baseline levels at 5, 10 and 15 minutes after exam while the SBP also trended lower and was below baseline levels 5 minutes after exercises before it then trended upward to approximate the baseline levels at 15 minutes after exam. The DBP stayed below baseline level 5 minutes after exam and until 15 minutes after examination while the MAP trended lower than baseline level 5 and 10 minutes after exam before trending higher to approximate baseline level 15 minutes after exam.
Compared to the baseline values, CV parameters found to be increased 5 minutes to the examination may be attributed to anxiety in anticipation of the examination which attenuates the baroreflexmediated sympatho-inhibition (Durocher et al., 2011) , and also cause reduction in cardiac parasympathetic modulation (Hjortskov et al., 2004) . Heightened CV parameters around the period of exam can also be attributed to the complex psychological process in examination preparation such as could be experienced as students observe sleepless nights which is believed to further stimulate the arousal system. The steady or slightly lower CV responses during the course of exam taking could be attributed to the improved baroreflex function as a consequence of the stress becoming persistent (Durocher et al., 2011) . The later spike in the CV response when the time remaining was announced may be attributed to an acute stress that triggers heightened anxiety and increased mental effort needed to finish up.
CONCLUSION
Cardiovascular parameters few minutes before exam were higher than the baseline resting values and remain so until the remaining time left for the exam was announced, when the parameters spiked to surpass the levels at all other time frames including the resting baseline and the pre-exam levels. Following exam, while the SBP, DBP, PP, and MAP responses approximated the baseline levels shortly before, or at 15 minutes after exam, HR and RPP
